Abstract. Epidemic development of Seploria nodorum was studied in pure stands and mixtures of two spring wheat cultivars Tähti (susceptible) and Kadett (moderately resistant) in 1983 -1985. Apparent infection rates in the mixture were similar to that of the more resistant pure stand. In all three years, disease levels in mixed stands were lower than the arithmetic mean of the pure stands.
introduction Considerable theoretical and practical interest has been focused in recent years on the evaluation of genotypic mixtures in cereal crop production, and there is some evidence to support the idea that mixtures have several advantages over monocultures, such as greater stability of performance across diverse environments (Jensen 1952 , Simmonds 1962 , Trenbath 1974 ) and more diverse and stable resistance to diseases (Jensen 1952 , Borlaug 1958 , Suneson 1960 , Browning and Frey 1969 . The reason why mixtures seem to be advantageous over monocultures lies in the interaction between genotype and environment for each cultivar (Wolfe and Barrett 1980, Rajeswara Rao and Prasad 1984) . It is known (Wolfe and Barrett 1980 ) that the way each cultivar responds to the range of environments may be unique to that particular cultivar, and in many cases such differences are extremely difficult to measure and predict. It has been suggested (Marshall and Brown 1973 ) that even in the absence of intergenotypic interactions, a mixture would be more stable than its components, provided at least one component line responds differentially to at least one environment. Extensive data of oat mixtures and multilines (Jensen 1952 , Pfahler and Linskens 1979 , Shorter and Frey 1979 indicate that genotype environment interaction variances for grain yields of mixtures are often smaller than those for oat lines and cultivars grown in monoculture. The better utilization of environmental resources such as water, light, and nutrients under suboptimal conditions Maldonado 1967, Rajeswara Rao and Prasad 1982) might partly account for the yield advantage of mixtures over monocultures. Consequently, the better ability to compensate yield losses in a stress environment is likely to provide stable performance compared to pure stands.
However, Clay and Allard (1969) It is well demonstrated (Adams et al. 1971 , Day 1973 , Marshall 1977 ) that the increased uniformity of modern crop production has sometimes caused unpredictably serious crop losses due to disease epidemics. Particularly in modern cereal production the widespread use of one or a few similar and genetically homogeneous cultivars provides ideal conditions for the rapid spread of virulent isolates of foliar pathogens. Therefore, the introduction of single major resistance genes into commercial cultivars and the cultivation of the varieties without exact knowledge of the virulence data of the pathogen population has often led to the breakdown of resistance to biotrophic fungi of cereals. It was suggested by Jensen (1952) and Borlaug (1958) that difficult cereal pathogens can be controlled by mixing cultivars of different resistances.
Extensive data of recent studies of biotrophic pathogens of oats (Frey et al. 1977 ), wheat (Fried et al. 1979 , and barley (Wolfe and Barrett 1982) indicate that disease progress in mixtures is much less than the mean of component pure stands. In addition, long practical evidence of growing oat multilines (Browning et al. 1979) also indicates that multilines can effectively buffer against the yield reduction caused by crown rust epidemics. However, very (Obst 1977) . In the last years S. nodorum has caused significant yield reductions to Finnish wheat crops (Karjalainen et al. 1983) . The cheapest and economically most feasible method of controlling the disease caused by S. nodorum is to use resistant cultivars. However, recent studies (Karjalainen 1984 (Karjalainen , 1985 
Materials and methods
The data presented in this study are based on trials carried out at the experimental farm of the University of Helsinki in the years 1983-1985. Two spring wheat cultivars differing in their resistance to Septoria nodorum were selected for the study. Tähti, a late Finnish variety has been cultivated in southernFinland for several years mainly because of its good baking quality, stiff straw and resistance to sprouting damage. Recent cultivar trials (Karjalainen et ai. 1983 , Karjalainen 1984 have shown that Tähti is very susceptible to S. nodorum, which has caused serious crop losses in the last, rainy years (Karjalainen 1985) , and the popularity of Tähti has been dramatically reduced. Instead, a high-yielding Swedish spring wheat cultivar Kadett has become popular in southern Finland. Kadett is moderately resistant to S. nodorum and clearly outyields Tähti.
The experiment was laid out in a randomized block design with eight replications in 1983, six in 1984, and Half of the experimental plots were artificially inoculated with S. nodorum and separated by oat plots in order to prevent inoculum from spreading into controls. Inoculum was applied onto the plants by spraying (10 6 conidia/ml) twice, starting at the four leaf stage.
The preparation of inoculum has been previously described by Karjalainen et ai. (1983) .
Disease assessment based on estimating the percentage area covered by lesions on flag and second leaves. Two assessments were made in 1983 and 1985, four in 1984 . The data on disease severity are based on the measurement of 
Effects of mixtures on disease progress
Disease progress in experimental fields in 1983 was slow due to relatively long dry and very warm periods (Table 1 ). The assessment of disease severity (Fig. 1) was first slow compared with later phases. Every assessment indicated that the amount of disease was highest for Tähti and lowest for Kadett. The disease level of the mixtures appeared to fall between the two components, but was closer to theresistant cultivar, Kadett (Fig. 4) . Apparent infection rates were calculated in order to compare pathogen reproduction rates between pure stands and mixtures. The data show (Fig. 3 ) that the r-values for the mixture and the resistant component are identical (r = 0.18), while the r-value for Tähti ing dates and using the log e transformation according to Zadoks and Schein (1979) . Tähti, 4 .4 % for Kadett, and only 0.5 % for the mixture (Fig. 6) . The data clearly show that under low infection conditions the mixture appears to buffer against yield reduction caused by S. nodorum.
In 1984, the infection by S. nodorum was heavy and caused statistically significant yield reductions, 35 % for Tähti, 27 ®/o for Kadett, and 31 *7o for the mixture (Fig. 7) . The data show that the mixture can only slightly buffer high yield reduction. In 1984 the infection caused high and statistically significant reductions in grain weight, 21°lo for Tähti, 20 % for Kadett, and 18°7o for the mixture (Fig. 8) . In this case, the grain weight of the mixture appears to be reduced even less than that of the resistant component of the mixture.
The disease induced moderate yield reductions in 1985, 16 .7°7o for Tähti, 13 .7°7o for Kadett, and 12.1-13.9 % for the mixture (Fig. 9) . Again the data suggest that the mixture and the more resistant component of the mixture are rather similar in their ability to buffer against yield reductions. The grain weight data (Fig. 10) show that disease induced a reduction of 10. In 1984, the latter part of the growing season was rainy, and following inoculation subsequent disease progress was rapid. The overall disease level was high, and even moderately resistant Kadett was rather badly diseased (Karjalainen et al. 1983 (Wolfe and Barrett 1980 , Fried et al. 1981 , Munk 1983 (Burdon 1978 ) that in a pure stand of plants having uniform susceptibility to a particular pathogen, the replacement of a proportion of these plants by resistant ones reduces the amount of inoculum available for subsequent dispersal within the stand. In addition, the replacement of susceptible plants by resistant ones results in a decline in the density of the remaining susceptible plants thus increasing the average distance that inoculum has to travel between one susceptible plant and another. Consequently, the increased distance often means a reduced probability of the spread of inoculum. Other factors, such as induced resistance (Johnson and Allen 1975) have been suggested, and recent experiments on barley mixtures and powdery mildew (Chin et al. 1984 , Wolfe 1985 confirm therole of induced resistance as a factor influencing the disease development in mixtures.
In the case of S. nodorum and wheat mixtures, it is probable that the reduction in the proportion of susceptible tissue and the subsequent reduction in the probability of inoculum spread may play an importantrole in retarding epidemic development. In addition, it is apparent that crop morphological traits such as leaf angle, leaf form, distance between different leaves, and some other factors affecting microclimatic conditions may play some role in regulating the force of escape mechanisms. It is widely known (e.g. Eyal 1981 ) that escape mechanisms are among the important basic factors concerning the disease resistance of wheat to S. nodorum. S. nodorum spreads from lower parts of the canopy by step-wise movement to the upper leaves, and the speed of the disease progress is greatly dependent on humid conditions inside the canopy (Scharen 1964) . Consequently, any crop traits that reduce the humidity in the canopy might have some important consequences for disease development.
The yield data of the present study indicate that disease induced yield reduction was quite different in three years. In 1983, the yield reduction caused by S. nodorum was small and in 1985 moderate, while in 1984 the crop losses were very serious as a consequence of heavy disease pressure. The grain yield reduction was obviously mainly due to the overall reduction in photosynthetic leaf area. It was observed in 1984 and 1985 that S. nodorum clearly shortened the duration of green leaf area by destroying plants leaf by leaf. Consequently, infection greatly reduced grain weight, but grain number per ear was also affected.
The data from 1983 and 1985 experiments provide evidence that mixtures can prevent disease induced yield loss to a large extent under low or moderate infection conditions, since both grain yield and grain weight of the mixture were less affected by the disease than the pure components. However, in 1984 the infection was severe and caused high losses, and the mixtures did not seem to prevent yield losses effectively. Hence, although mixtures appear to buffer disease development substantially, it is not always obvious that comparable yield advantages will be achieved. This controversy between disease data and yield measurements has been a well-known problem for a long time in mixture trials (Suneson 1949 , Parlevliet 1979 . Jeger et al. (1981 b) have pointed out that great care must be taken before ascribing any yield benefits observed in mixtures to any disease reduction also observed.
The apparently low yield benefits for mixtures in 1984 compared with the observed disease reduction may be the outcome of several reasons. First, it may partly be due to the small plot size used in this experiment, as it is known that mixture benefit is best obtained in large plot yield trials. Another explanation for the low yield benefit in relation to the significant disease reduction may be the observation (Scharen and Taylor 1968, Obst 1977) that the ability of S. nodorum to reduce grain
